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I. REAL PARTY IN INTEREST 



The real party in interest is Miller-St. Nazianz, Inc. 
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II. RELATED APPEALS AND INTERFERENCES 

There are no related applications currently either under appeal or the subject of an 
interference proceeding. 

III. STATUS OF CLAIMS 

All the claims of this application and their individual status are reported in Appendix I to 
this Appeal Brief. Claims 7-12 are on appeal. 

IV. STATUS OF AMENDMENTS AFTER FINAL 

All amendments have been entered. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The current invention is a system and method of generating methane gas from organic 
material, e.g., animal waste. A mixture known to product methane gas which may include 
animal waste and vegetation as desired, is treated, also as desired, with an inoculant and inserted 
into a plastic bag. A portion of the plastic bag is left unfilled with the organic material to 
produce a collection space for collecting the gas. As the gas is generated, the gas migrates to the 
provided space and is typically removed, via tube or pipe, for collection and use as an energy 
source. An upper passage provided in the material enhances migration of the gas to the provided 
space. 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The issue on appeal is whether or not the following final rejections are in error: 

Claims 7-8 and 1 1-12 were finally rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Garvin et al. (US 5,461,843) in view of Bremmer (US 4,579,654) and Chow 
(US 4,157,958). 

Claim 9 was finally rejected under 35 U.S.C. § 103(a) as being unpatentable over Garvin 
et al. in view of Bremmer and Chow and further in view of Courtland (US 3,981,803). 
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Claim 10 was finally rejected under 35 U.S.C.§ 103(a) as being unpatentable over Garvin 
et al. in view of Bremmer and Chow in view of Courtland and further in view of Pogoda (US 
4,267,147). 

Claims 8-12 depend from independent Claim 7 and are therefore allowable over the prior 
art if Claim 7 is so allowable. Furthermore, all of the claims stand or fall together in this appeal. 
Therefore, although the Examiner provided separate support and/or rejections for the elements in 
each claim, only the rejection of Claim 7 is relevant. 

VII. ARGUMENT 

The Applicant believes that the Examiner's rejections are in error both from technology 
and legal grounds. First, the Examiner has misunderstood both the teachings of the primary 
reference and the fundamental science underlying the methane gas generation. Second, the 
proposed modification of the primary reference would completely alter the principle of operation 
of the primary reference and render the invention of that reference unsuitable for its original 
purpose. Third, the proposed modification would not work as either the original invention or as 
the invention currently under appeal. Fourth, if the proposed modification did work as the 
current invention, the result would potentially be a highly explosive mixture. Therefore, the 
Applicant requests that the Examiner's rejections be overturned. 

ERROR 1 : The rejection of Claims 7-12 under 35 U.S.C. $103 (a) is in error because the 
proposed prima facie case is insufficient and also legally barred. 

The Appellants believe that the Examiner has failed to meet the standards for an 
obviousness rejection and, therefore, has not established a prima facie case of obviousness. 

A. Requirements for a Prima facie Case of Obviousness 

The Examiner's fundamental error in rejecting the claims on appeal is that he has failed 
to establish a prima facie case of obviousness. 

In rejecting claims under 35 U.S.C. §103, the examiner bears the initial burden 
of presenting a prima facie case of obviousness ... A prima facie case of obvious- 
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ness is established when the teachings from the prior art itself would appear to have 
suggested the claimed subject matter to a person of ordinary skill in the art . , .'" In 
re Rijckaert, 9 F3d]53\, 1532, 28 U.S.P.Q.2d 1955, 1956 (Fed. Cir. 1993). 

Specifically, to establish prima facie obviousness of a claimed invention, all the claim limitations 
must be taught or suggested by the prior art. See In re Royka, 180 USPQ 580 (CCPA 1974). In 
addition, in order to establish a prima facie case of obviousness, the Examiner must show some 
objective teaching in the prior art or that knowledge generally available to one of ordinary skill in 
the art would lead that individual to combine the relevant teachings of the references. See, e.g., 
In re Fine, 5 USPQ2d 1596, 1598 (Fed. Cir. 1988). Furthermore, in leading one skilled in the 
art, the prior art must suggest to the ordinary skilled artisan that the combination should be 
carried out and would have a reasonable likelihood of success , viewed in the light of the prior art. 
In re Dow Chemical Co, 5 USPQ2d 1529, 1532 (Fed. Cir. 1988)(emphasis added). Indeed, both 
the suggestion and the expectation of success must be found in the prior art, not in the 
Appellant's disclosure. Id. Additionally, the Federal Circuit has stated that a reference should 
be considered in its entirety, with due consideration given to disclosures that diverge or teach 
away from the invention as well as disclosures which direct one skilled in the art to the invention. 
Ashland Oil, Inc. v. Delta Resins & Refractories, Inc., 227 U.S.P.Q. 657, 669 (Fed. Cir. 1985). 

Furthermore, certain combinations or types of modifications of the prior art are legally 
barred to prevent the USPTO from applying improper hindsight to the obviousness 
determination. Relevant here, if proposed modification would render the prior art invention 
being modified unsatisfactory for its intended purpose, then there is no suggestion or motivation 
to make the proposed modification. In re Gordon, 733 F.2d 900, 221 USPQ 1 125 (Fed. Cir. 
1984). Equally relevant, if the proposed modification or combination of the prior art would 
change the principle of operation of the prior art invention being modified, then the teachings of 
the references are not sufficient to render the claims prima facie obvious. In re Ratti, 270 F.2d 
810, 123 USPQ 349 (CCPA 1959). 
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B. Final Rejection 

Claim 7 (and Claims 8 and 1 1-12) was finally rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Garvin et al. (US 5,461,843) in view of Bremmer (US 4,579,654) and Chow 
(US 4,157,958). The Examiner states that "Garvin discloses a system for generating methane gas 
... from compost," the system comprising: a flexible bag having an open end; the bag having a 
horizontally extended tube length, the majority of which is "filled with a substantially non- 
flowable biomass material (compost) in a composition known to produce methane gas (gas 
generated from compose) (sic)." Internal citations omitted. The Examiner further states that 
Garvin teaches that the remaining tubular length of the bag is unfilled with the material and that 
"the bag is tied off and filled with said gas emitted by biomass material (compost)." The 
Examiner admits certain limitations of the claims are not found in Garvin but he cites the 
secondary references for the missing disclosures. 

C. Reasons the Rejection is in Error 

The Applicant believes that all of these rejections are improper because the Examiner has 
misread Garvin and because the proposed modifications of the primary reference, Garvin et al., 
are legally barred. In particular, the Applicant believes that the proposed modifications change 
the principle of operation of Garvin et al. and also, the modified invention of Garvin et al. would 
be unsuitable for the purpose of the invention of Garvin et al. 

The misreadings and technological inaccuracies of the Examiner's rejections are 
numerous. First, Garvin does not disclose a "system for generating methane gas," but, rather, 
never even mentions methane anywhere in the patent document. Second, the biomass material in 
Garvin is not "in a composition known to produce methane gas" as the Examiner asserts. The 
compost composition of Garvin is highly oxygenated (the system in Garvin provides a constant 
supply of oxygen to aid the decomposition or drying of the biomass). In contrast, methane 
generation from compost is an anaerobic process that must occur in the absence of oxygen (see 
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Evidence Appendix, Methane Generation From Livestock, R.W. Hansen). Clearly, an 

oxygenated composition cannot be a "composition known to produce methane gas." Moreover, 

the Applicant cannot find any reference in Garvin to tying off the bag and letting the unfilled 

space fill with gas emitted by the biomass material. Rather, as described more fully below, the 

bag in Garvin is vented and air is forced from a conduit through the material and out of the vent. 

These technical and understanding errors are at the heart of the improper rejections. 

Second, as stated in the Abstract, Garvin et al. disclosed: 

"A method and apparatus for treating bagged materials" A... conduit... 
through the open end of the bag and into the bag. . . is perforated and when the 
bag is filled, the length of the conduit is extended out through the bag end to 
be connected to a treatment media, e.g., forced air. An opening is provided at 
the rear end to provide an exhaust opening for air that is forced into the 
conduit, out the perforations and through the bagged material. The air will 
dry the material to lower the moisture content or provide oxygen as may be 
desired to enhance decomposition." 

Therefore, based on the abstract and FIG. 1, in at least one embodiment, the principle of 
operation for the invention of Garvin et al. is forcing air through a perforated conduit that extends 
through a bag of bagged materials such that the forced air from the perforated conduit flows 
through the bagged materials prior to escaping through an open vent. As stated in the 
specification the forced air is "vented to the atmosphere as indicated by arrows 36." See col. 4, 
lines 20-26. The purpose of this embodiment of Garvin et al. is to either dry the bagged material 
or provide oxygen to facilitate decomposition of the bagged material. See the abstract. 

As such, the proposed combination of references will impermissibly alter the principle of 
operation of Garvin et al. Instead of forcing air through the perforated conduit and then through 
the bagged material and then exhausting through a vent to the atmosphere, the modifications 
would require that the vent 34 be eliminated so that the methane gas emitted by the biomass 
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would be able to remain within the bag to be collected through the perforated conduit. Also, 
instead forcing air through the conduit and into the biomass material, the modified combination 
would require that methane gas from the bag flow through the conduit to a collection site. If the 
proposed modification or combination of the prior art would change the principle of operation of 
the prior art invention being modified, then the teachings of the references are not sufficient to 
render the claims prima facie obvious. In re Ratti, 270 F.2d 8 1 0, 1 23 USPQ 349 (CCPA 1 959). 

Next, the proposed combination of references would render the modified disclosure of 
Garvin et al. unsuitable for the purpose of Garvin et al. Specifically, air would no longer be 
forced through the biomass and into the atmosphere to remove gases emitted from the biomass 
(water vapor and/or decomposition products). Note also, the presence of oxygen hinders the 
production and collection of methane due at least in part to the rapid and spontaneous reaction of 
methane with oxygen and also to the anaerobic process for producing methane. Therefore, 
excluding oxygen by not forcing air through the biomass would not be satisfactory for the 
purpose of providing oxygen to enhance desired decomposition. If proposed modification would 
render the prior art invention being modified unsatisfactory for its intended purpose, then there is 
no suggestion or motivation to make the proposed modification. In re Gordon, 733 F.2d 900, 
221 USPQ 1 125 (Fed. Cir. 1984). 

Third, as mentioned above, methane is generated by an anaerobic process. Modifying the 
aerobic process of Garvin, as proposed by the Examiner, will still result in an aerobic process. 
Such an aerobic process will not function to produce methane. 

Fourth, even if the proposed modifications would produce methane, the user would be 
left with an air-methane mixture. Such air-methane mixtures are known to be potentially highly 
explosive at methane concentrations of 6 to 1 5 percent (see Exhibit 2). One skilled in the art of 
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composting would not be motivated to modify a prior art invention to make potential bombs out 
of their users farms. 

For the above reasons, the Applicant believes that the Examiner's prima facie cases of 

rejection, all of which are based on Garvin et al., fail. 

For the reasons stated in the above argument, Appellants believe that the claims on appeal 
comply with 35 U.S.C. §1 03(a), and they request that the final rejection of the claims on appeal 
be reversed. Also requested is reconsideration of the Information Disclosure Statement filed on 
April 23, 2002 which is being refilled electronically this date and a copy of which is attached as 
Appendix III to this Amended Appeal Brief. 



P.O. Address: 

Whyte Hirschboeck Dudek S.C. 
555 East Wells Street, Suite 1900 
Milwaukee, WI 53202 
Customer No. 022202 



Respectfully submitted, 




Date: May 22, 2006 



Alan E. Wagner 
Registration No.: 45,188 



Page 8 of 13 



MII.WAUKBI?.! 123445 



MIERSCH, Stefan 



USSN: 10/098,603 



APPENDIX I 
CLAIMS APPENDIX 

1 . (Previously presented) A method for producing methane gas which comprises: 
providing a biomass material that will yield methane gas; 

adding or not adding inoculants as desired and inserting the biomass material into a large 
flexible plastic bag having a horizontally extended tubular length to provide a first portion of the 
bag filled with the biomass material and sealing off both ends of the bag to provide a second bag 
portion at one end that is unfilled with the material; 

said material emitting methane gas that is directed to the second bag portion; 1 connecting 
a tube into the bag at the unfilled bag portion with an end of the tube protruded from the bag; and 

directing methane gas from the bag and through the tube to a point of collection or use. 

2. (Original) A method as defined in Claim 1 including placing a perforated conduit 
inside the bag along the top of the filled portion of the bag and extended to the unfilled portion of 
the bag and thereby facilitating flow of the gas to the unfilled portion. 

3. (Original) A method as defined in Claim 1 including placing aeration tubes in the 
biomass material in the filled portion of the bag and extending an end thereof to the bag exterior 
and compost treating the material following substantial extraction of the methane gas from the 
material. 

4. (Original) A method as defined in Claim 1 including filling multiple bags with the 
biomass material in accordance with Claim 1 and further including a gas line interconnected with 
the multiple tubes of said multiple bags and conveying methane gas through the gas line to a 
collection site. 

5. (Original) A method as defined in Claim 1 including placing the bag on a heating 
pad while being filled and upon being filled, directing hot water to the heating pad to heat the 
filled bag as desired and to enhance the reaction of the methane gas production. 
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6. (Original) A method as defined in Claim 1 which includes placing an insulating 
robe over the bag, inserting water lines between the robe and bag and flowing hot water through 
the lines to achieve a desired temperature of the material in the bag. 

7. (Previously presented) A system for generating methane gas which comprises: 

a flexible bag having an open end for mounting to a bag filling machine for filling and 
compacting the bag with non flowable material, said bag having a horizontally extended tubular 
length, a majority of said length filled with substantially non-flowable biomass material in a 
composition known to produce methane gas and as desired adding an inoculant to the material 
that induce a reaction with the biomass material to include methane gas emission from the 
biomass [[material.]] material; 

a remaining tubular length of the bag as removed from said machine being unfilled with 
the [[material]] material, said open end tied off and to be filled with said gas emitted by the 
biomass material, a pipe inserted through the bag wall where filled with said gas for releasing 
methane gas from the remaining tubular length and a continuation of said pipe directing said gas 
to a gas collection site. 

8. (Original) A system as defined in Claim 7 wherein a conduit is positioned inside 
the bag at the top of the material in the filled tubular length and extended to the unfilled tubular 
length for transmitting as to the unfilled tubular length. 

9. (Original) A system as defined in Claim 8 wherein a heating bag underlies the 
bag, water passages are provided in the pad and connected to a hot water source for flowing hot 
water through the pad and heating thereby the material in the bag. 

10. (Original) A system as defined in Claim 9 wherein a robe is placed over the bag, 
water lines are positioned between the bag and robe and hot water is circulated through the lines 
for heating the material in the bag. 



MILWAUKEE^! 123445.1 



Page 10 of 13 



MIERSCH, Stefan 



USSN: 10/008,603 



1 1 . (Original) A system as defined in Claim7 wherein multiple of the defined bags 
placed in adjacent relationship and a gas line is connected to the pipes and extended to a 
collection site for transmitting gas from the bag to the collection site. 

12. (Original) A system as defined in Claim 7 wherein the dominant portion of the 
biomass material is animal waste. 
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no. 5.002 

Methane Generation From Livestock 
Wastes 

by R.W. Hansen 1 



Quick Facts... 

• Anaerobic fermentation or digestion is the most promising process for converting 
organic materials to methane arid other gases. 

• A simple apparatus can be constructed to produce bio-gas. 

• Bio-gas usually contains about 60 to 70 percent methane, 30 to 40 percent carbon 
dioxide, and other gases. 

• The heat value of raw bio-gas is approximately half that of natural gas under 
typical Colorado conditions. 

• Take precautions when processing and handling the gas. It is highly explosive and 
difficult to detect. 

Energy conservation, coupled with concern for the management of livestock wastes, has 
revived an interest in generating methane from livestock manures. 

Converting organic materials, such as animai wastes, to an easily used form of energy 
can be accomplished by several methods.-The process with the greatest potential is 
anaerobic fermentation or digestion. 

The extraction of energy from wastes using anaerobic digestion to produce bio-gas is not 
new and the general technology is well known. Bio-gas, which is methane and other 
gases, has been known as swamp gas, sewer gas and fuel gas. Sewage treatment plants 
generate bio-gas from the sewage sludge as part of the sewage treatment processes. 
Many small units were used in Europe and India after World War II. 

Characteristics of Bio-Gas 

Bio-gas usually contains about 60 to 70 percent methane, 30 to 40 percent carbon 
dioxide, and other gases, including ammonia, hydrogen sulfide, mercaptans and other 
noxious gases. It also is saturated with water vapor. 

The heat value of the raw gas at typical Colorado atmospheric pressures is about 400 to 
600 British thermal units (Btu) per cubic foot. In comparison, natural gas has a heat 
value of 850 Btu per cubic foot and gasoline contains approximately 120,000 Btu per 
gallon. Partial removal of the impurities may be required. This is not necessarily difficult, 
but it does complicate the system. 

Basic Digester Process 

Methane is produced by bacteria. The bacteria are anaerobes and operate only in 
anaerobic environments (no free oxygen). Constant temperature, pH and fresh organic 
matter promote maximum methane production. Temperatures usually are maintained at 
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approximately 95 degrees F. Other temperatures can be used if held constant. For each 
20 degrees F decrease, gas production will be cut approximately one half or will take 
twice as long. A constant temperature is critical. Temperature variations of as little as 5 
degrees F can inhibit the methane-formers enough to cause acid accumulation and 
possible digester failure. 

Anaerobic digestion is a two-part process and each part is performed by a specific group 
of organisms. The first part is the breakdown of complex organic matter (manure) into 
simple organic compounds by acid-forming bacteria. The second group of 
microorganisms, the methane-formers, break down the acids into methane and carbon 
dioxide. In a properly functioning digester, the two groups of bacteria must balance so 
that the methane-formers use just the acids produced by the acid-formers. 

A simple apparatus can produce bio-gas. The amount of the gas and the reliability 
desired have a great influence on the cost and complexity of the system. A simple batch- 
loaded digester requires an oxygen-free container, relatively constant temperature, a 
means of collecting gas, and some mixing. Because methane gas is explosive, 
appropriate safety precautions are needed. 

Tank size is controlled by the number, size and type of animals served, dilution water 
added, and detention time. The factor that can be most easily changed with regard to 
tank size is detention time. Ten days is the minimum, but a longer period can be used. 
The longer the detention time, the larger the tank must be. Longer detention times allow 
more complete decomposition of the wastes. Fifteen days is a frequently used detention 
time. Table 1 shows some recommended sizes, dilution ratios and loading rates for 
different types of animals. 

Little volume reduction occurs in an anaerobic digester. Waste fed into the digester will 
be more than 90 to 95 percent water. The only part that can be reduced is a portion of 
the solids (about 50 to 60 percent). 

The processed material will have less odor. Because it still contains most of the original 
nitrogen, phosphorus and potassium, and is stilt highly polluted, the waste cannot enter a 
stream after it leaves th£ digester. Lagoons are commonly used to hold the waste until it 
can be disposed of by either hauling or pumping onto agricultural land. 



Table 1: Loading rate guidelines for heated, mixed anaerobic digesters at 95 
degrees F being fed fresh livestock manures.* 


Factor 


Swine 
(growing- 
finishing) 


Dairy 


Beef 
under 700 
lbs 


Poultry 
layer 


Poultry 
broiler 


Dilution ratio manure 
(manure to water) 


1:2.9 


Undiluted 


1:2.5 


1:8.3 


1:10.2 


Estimated dilution water 
(gal water/1,000 lbs body 
wgt)** 


15 


0 


11 




- 


Hydraulic detention time 
(days) 


12.5 


17.5 


12.5 


10 


10 


Loading rate (lbs volatile 
solids/cubic foot/day)** 


0.14 


0.37 


0.37 


0.13 


0.1 


Digester volume (cubic 
feet/1,000 lbs animal wgt) 

** 


30 


24 


14 


72 


120 


*(From R.J. Smith, The Anaerobic Digestion of Livestock Wastes and the Prospe 
Methane Production, Midwest Livestock Waste Management Conference, ISU, A 
Iowa, Nov. 27-29, 1973) 


jets for 
mes, 


**To convert to metrics use the following equivalents: 1 gal = 3.8 I; 1 lb = .45 kg- 1 cu 
ft = .03 cu m. 
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The volume of effluent actually may be greater than the volume of manure prior to 
digestion. This increase is due to the dilution water added to fiquefy the manure to the 
desired solid content for the digester. 

There is no increase in the amount of nitrogen, phosphorus or potassium in this material, 
although it may be in a more available form. A small portion of the nitrogen may be lost 
to the gas portion of the system, thus reducing the amount of nitrogen initially available. 

Gas Production 

Total bio-gas production varies depending on the organic materia! digested, the digester 
loading rate, and the environmental conditions in the digester. Under ideal conditions (95 
degrees F temperature and proper pH), it is possible to produce about 45 cubic feet of 
gas at atmospheric pressure from one day's manure from a 1,000 pound cow. Not all of 
the bio-gas energy is available for use. Energy is required to heat and mix the digester, 
pump the effluent, and perhaps compress the gas. Table 2 summarizes the estimated 
gas production from various animal wastes. 



Table 2: Bio-gas production (60% methane and 40% carbon dioxide) from 
animal wastes per 1,000 pounds body weight. 


Animal 


Volatile solids (lb 
per animal per 
day) 


Probable volatile solids 
destruction ( percent) 1 


Gas (cu ft 
per day) 


Btu (per 
day) 2 


Beef 


5.9 


45 


30 


18,000 


Dairy 


8.6 


48 


44 


26,000 


Poultry, 
layers 


9.4 


60 


72 


43,000 
55,000 


Poultry, 
broilers 


12.0 


60 


92 


Swine 
(growing- 
finishing) 


4.S 


50 


29 


17,400 


1 Percent destruction of volatile solids varies depending primarily on detentior 
digester temperature. 


time and 


Calculated at 600 Btu/ft 3 * (heat content varies depending on quality of gas). For 
comparison, some other heating values are: gasoline, 124,000 Btu/gai; diesel fuel, 
133,000 Btu/gal; natural gas, 850 to 1,000 Btu/ft 3 ; propane, 92,000 Btu/gal. 


*To convert to metrics, use the following equivalents: 
1 lb = .45 kg; 1 cu ft = .03 cu m; 1 gai = 3.8 1. 



Basic Elements 



Figure 1 shows the basic elements of a single-stage anaerobic digester. Submerged 
inflow and outflow lines are needed to prevent gas from escaping. Either a mechanical 
mixer can be used, or the liquid or gas can be recirculated for mixing. 

A heat exchanger and thermostat maintain the proper temperature. The heat exchanger 
can be either interna! or external. 

Methane is drawn off the top of the digester. For gas utilization, a compressor and 
storage tank are used, along with the hardware to provide flame traps, regulators, 
pressure gauges, hydrogen sulfide scrubber, carbon dioxide removal and pressure relief 
valves. A common facility for gas storage is the floating cover that floats upward while 
maintaining essentially constant pressure. 

Methane or bio-gas cannot be converted to a liquid under normal temperatures as can LP 
gas (LP gas liquefies at 160 psi). Under constant temperature, volume reduction is 
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inversely proportional to the pressure; that is, as the pressure doubles, the volume 
becomes half as large. The more the gas is compressed, the more energy it takes to 
compress it. 




Figure 1: Basic components of anaerobic digester. 



Liquefaction of methane requires pressures of nearly 5,000 psi and is not practical. If the 
gas is compressed to just 1,000 psi, it requires about 1,320 Btu of energy to put 6,350 
Btu into a storage container. 

Because bio-gas cannot be liquefied, it is best suited for stationary uses, such as 
cooking, heating water and buildings, air conditioning, grain drying, or operating 
stationary engines. It is not feasible as a tractor fuel. One cubic foot of compressed bio- 
gas at 3,000 psi would run a 100-horsepower tractor approximately 7 1/2 minutes. Most 
tractor fuel tanks occupy about 8 cubic feet. A special high-pressure tank with 8 cubic 
feet of gas and 3,000 psi would run the tractor approximately one hour, A 3,000-psi tank 
bouncing around on a tractor would present a serious safety hazard. The tractor would 
run 6 minutes on 8 cubic feet of gas compressed to 300 psi, a more realistic pressure. 

A well-insulated, three-bedroom home takes about 900,000 Btu per day for heating 
during cold weather. Because 50 percent of the bio-gas goes back into maintaining the 
necessary temperature of the digester, it would take the manure from 50 cows to 
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produce enough bio-gas each day for home heating. 

Bio-gas is produced on a relatively constant basis. Most applications are somewhat 
intermittent; therefore, storage is required. The amount of storage depends on the 
storage time and pressure. High demand applications, such as grain drying, normally are 
impractical due to the excessive storage capacity required. 

Hazards 

Methane in a concentration of 6 to 15 percent with air is an explosive mixture. Since it is 
lighter than air, it will collect in rooftops and other enclosed areas. It is relatively 
odorless and detection may be difficult. Extreme caution and special safety features are 
necessary in the digester design and storage tank, especially if the gas is compressed. 

Summary 

Concerns for energy conservation, environmental poilution, and the fact that agricultural 
organic wastes account for a major portion of our waste materials, has created renewed 
interest in the processing of these wastes for energy recovery. 

Of the several types of energy capturing processes available, anaerobic digestion appears 
to be the most feasible for the majority of agricultural operations. Anaerobic digestion 
can stabilize most agricultural wastes while producing bio-gas or methane gas. This 
concept has been extensively applied in Europe and India during energy shortages. 
Similar equipment has been used for gas production with domestic wastes. 

Primarily, disadvantages are the amount of management required due to the sensitivity 
of the digesters, the high initial investment required for equipment, and the fact that the 
wastes still must be disposed of after digestion. 

Research is in progress to make the process more practical for energy production. 
Bacteriologists are investigating new strains of bacteria and culturing techniques for 
producing methane. Engineers are investigating digester designs and operation to reduce 
construction and operational requirements and costs. 

1 R.W. Hansen, former Colorado State University Cooperative Extension specialist and associate professor. 9/92. 
Reviewed 1/03 by L.R. Walker, Cooperative Extension specialist, chemical and bioresource engineering. 
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Vorrichtung zur Methanisierung von Substraten unterschiedlicber Konsistenz in einem 
konrinuierlich bzw. seraikontinuierlich arbeitenden Gleitschicht-Fermenter 



Beschreibung 

Zur Biogasgewinnung werderi methanisierbare Biomassen (z. B. GUlle oder Klarschlamme) 
entweder in flussiger Form (Flussig- Vergarung) oder in halbfeuchter Form (Trocken- 
Vergarung) in Fermentern mikrobiologisch genutzt. Die im landwirtschaftlichen oder 
kommunalen Bereich favorisierte Flusssig-Vergarung von Giille oder Klarschlamm ist 
vorwiegend auf deren betriebsinterae Verwertung abgestellt. Wegen der geringen Energiedichte 
z. B. der Guile lohnt sich kein Transport, was im Regelfall durch die GroBe dieser Anlagen 
deren Wirtschaftlichkeit begrenzt. Andererseits mussen ausbeutungswurdige Biomassen (z. B. 
Rasenschnitte) aus auBerlandwirtschaftlichen Bereichen erst in einen pumpfahigen Zustand 
gebracht und auch als Flussigkeit auf den landwirtschftlichen Nutzflachen verteilt werden. 
Zur Trockenen Vergarung sind mehrere Veifahrens-Varianten bekannt: 

- diskontinuierlilche Batch- Verfahren und 

- kontinuierliche bzw. semikontinierliche Verfahren 

Den kontinuierlichen bzw. semikontinuierlichen Verfahren ist gemeinsam, dafi der 
Substrattransport im Fermenter entweder iiber Schwerkraft (fall down-Prinzip), mechanisch 
(Transportschnecke oder Zinkenforderer) oder in geschobenen Spezialbehaltern und die 
Substrat-Homogenisierung mit Ruhrwerken oder durch Gaseinpressung erfolgen. 
Bei der vorliegenden Erfindung handelt es sich urn erne Vorrichtung zur wahlweisen Fliissigen 
oder Trockenen Vergarung in einem Gleitschicht-Fermenter, welcher im Langsprofil (Fig. I) 
und Querschnitt (Fig. 2) vorgestellt wird. Dabei wird von einem stufenlos steuerbaren 
kontinuierlich arbeitenden Vergarungsverfahren ausgegangen, welches mit einem Minimum 
an technischen Vorrichtungen auskommt. Uber einer Einschleusungsvorrichtung (vorzugsweise 
Syphon oder Mischerschnecke) wird z. B. stapelbare Biomasse/Substrat bevorratet, die/das 
kontinuierlich oder semikontinuierlich dem auf einer Schiefen Ebene angeordneten Gleitschicht- 
Fermenter zugefuhrt wird. Das Substrat gleitet dabei im Siruie des Hangabtriebs auf einer 
fliissigen Gleitschicht, wobei die "FlieCgeschwindigkeit" vom Neigungswinkei des Fermenters, 
dem Substrat-Gewicht im Einschleusungsbereich, der Ausbildung und Qualitat der 
Gleitflussigkeit (Faulschlamm), der Reibung an den Fermenterwanden, vor allem aber der 
Einstellung einer mechanischen oder hydraulischen Bremsvorrichtung im 
Ausschleusungsbereich abhangt. 

Somit hat die Vorrichtung einen 3-teiligen Aufbau: eine Einschleusungsvorrichtung, einen 
quaderfdrmigen oder rohrenformigen modular erweiterbaren Fermenter-Teil und einen 
Ausschleusungsteil. 

Die EinschleuCung der Biomasse erfolgt vorzugsweise uber eine syphonartige Ausbildung, so 
dafl neben dem sicheren hydraulischen Gasverschlufi eine Vortemperierung und Inoculation des 
Substrates gewahrleistet ist. Der sich langsam voranschiebcnde Masse-Strom gelangt schliefllich' 



in den Fermenterteil. In dessen vorderem Bereich befinden sich eine Vorrichtimg (z. B. ein mit 
PreBluft beaufschlagbares Luflkissen) zur evtl. erforderlich werdenden Uberwindung der 
anfanglichen Hafaeibung sowie eine Vorrichtung (z. B. Rechen) zur Totalentleerung. Auf dem 
Fermenterboden bildet sich - vomehmlich durch die laufende Rezirkulation des entstehenden 
Perkolats - eine Gleitschicht, auf welcher das Substrat gleitend aufschwimmt. Der Fermenterteil 
schliefit mit einer Staunase ab, die den Erhalt des Gleitfilms garantiert. Das Sammeln des 
Biogases im oberen Fermenterbereich erfolgt fiber langsverlaufende und uberlappend 
angeordnete beheizbare Abdeckelemente, zwischen welchen Schlitze fiir den Gasabzug sorgen. 
In diese Abdeckelemente sind auch die Verteilvorrichtungen (z. B. Uberlaufgerinne) fur das 
Perkolat integriert. Der Ausschleusungsteil besteht vorzugsweise aus einer luftdichten 
fonnlabilen Haube mit einer versteifbaren Riickwand, iiber welche fiber einstellbare PreGdrucke 
die FlieSgeschwindigkeit des Substrat-Stroms reguliert werden kann. Dabei kann die 
Ausschleusung soweit gedrosselt werden, dafJ auch flieBfahiges Substrat verarbeitet werden 
kann. Gleichzeitig befindet sich im Ausschleusungsteil eine Abtropfvorrichtung ( z. B. eine 
Rollenstrecke oder perforierter Boden) zum Sammeln des Perkolats, welches fiber einen 
Warmetauscher temperiert in den Fermenter rezirkuliert wird. Fur eine allenfalls notwendig 
werdende Mischung von Faulsubstrat mit Biomasse (Frischsubstrat) befindet sich entweder im 
Ein- oder Auschleusungsteil eine temperierbare Mischvorrichtung. 
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Schutzanspriiche 



Vorrichtung zur Meihanisierung von Substraten unterschiedlicher Konsistenz in einem 
kontinuierlich bzw. semikontinuierlich arbeitenden Gleitschicht-Fermenter dadurch 
gekennzeichnet, daB 

(1) bevorratete Biomassen/Substrate vorzugsweise fiber eine - vorzugsweise temperierbare 
syphonartige - Einschleusungsvorrichtimg (1) in einen schragliegenden Fermenter (2) eingeleitet 
werden 

(2) nach Anspruch 1 sich auf dem Fermenterboden eine hydraulische Gieitschicht (3) ausbiidet, 

(3) nach Anspruch 1 mid 2 der aus den Baueinheiten Einschleusung - Fermenterteil - 
Ausschleusung bestehende Fermenter modular aufgebaut ist 

(4) nach Anspruch 1-3 eine mechanische Phasentrennung (4) im Ausschleusungsbereich 
erfolgt, 

(5) nach Anspruch 1 -4 das temperierte Perkolat rezirkuliert wird 

(6) nach Anspruch 1- 5 die hydraulische Gieitschicht (3) fiber eine Staunase (6) erhalten wird 

(7) nach Anspruch 1- 6 der Fermenter quaderformigen, runden oder ovalen Querschnitt besitzt 

(8) nach Anspruch 1- 7 eine hydraulische, pneumatische oder mechanische Vorrichtung (7) zur 
Uberwindung von Haftreibung eingesetzt wird, die durch eine Vorrichtung (8) zur 
Totalentleerung erganzt wird 

(9) nach Anspruch 1- 8 die Inoculation der Biomasse in der EinsschleuBungsvorrichtung 
vorwiegend durch Diffusion erfolgt 

(10) nach Anspruch 1- 9 die Einspeisung fur das Perkolat (5a) sich im Bereich der sich 
tiberlappenden Beplankungen (9), der Perkolatabzug (5b) sich im AuschschleuBungsteil 
befinden 

(11) nach Anspruch 1- 10 die FlieBgeschwindigkeit des Substratvorschubs durch die 
druckbeaufschlagte Fermenterwand (12) stufenlos steuerbar ist 

(12) nach Anspruch 1- 1 1 der Gasabzug (10) sowohl durch eigenen Gasdruck, ais auch durch 

3 



aktive Absaugung erfblgt 



(13) nach Anspruch 1- 12 daB eine gasdichte flexible Schurze (1 1) druckend oder angesogen 
die Substratoberflache im Ausschleusungsteil abschlieBt 

(14) nach Anspruch 1- 13 sich im Ein- oder Ausschleusungsteil eine vorzugsweise beheizbare 
Mischvorrichtung (13) befindet 

(15) nach Anspruch 1 - 14 sich entweder im Einschleusungs oder Ausschleusungsteil eine 
Hygenisierungsvorrichtung (14) befinden kann. 
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® SSk Verfston zur Methanisierung von Substrater, unterschiedlicher Konsistenz in aim 

kominuierNch bzw. semikontmuierlich arbertenden Gleitschicht-Fermenier 
<5j) Bai der vorgestellten Erfindung handelt as sich um ein 

Verfahran und eina Vorriehtung, bei welcher Substrate 

(jnierschiedtieher Konsisten2 wahlweisa kontinuierlich 

odar samikomlnulorlich in ainem GleitsdiiehT-Fermentar 

metharsisiert werdan konnen. Es i3t gin ainstufigas Varga- 

rungsverfahren, welchas mi: ainam Minimum anwchni- 

schan Vorrichtimgen auakomrrrt. 

Clbar elna EinachJeusungsvorrichTung (Syphon, PreGkol- 

ban odar Michsrsehnecke) wird das Gargut kontinuierlrch 

odar somikontinuierlich dam auf einerschiofon Ebsna an- 

geordneten Glertschlern-Farmenter zugHffihrt. Das Sub- 
sist gleitet dabai im Sinne das Hangabtriebs auf einer 

flussigen Glaitsehicht. Im Ausschlausunosteil ist aina Vor- 

richtung, weicha dan Substratstrom .-soweit drosseln 
« kann, so da(5 auch flieSfariigas Substrat vararbeitet wer- 
, dan kann. Die SubsTraterwarmung erfalgt fiber die 8erie- 

aaiung oder Anmischurig mit vorgewarmter impf- bzw. 
, remkuherter Parkoiarfiussigteii. walche qleichzeitig als 
\ Gleitsehichl diant. 
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Zur Biogasgewinnung werden methanisierbare Biomas- 
sen (z. B. Giillc oder Klarschlanimc) sntwcder in ftiissiger 
Form (NaB- Vergkrung) odcr in halbfeuchrcr Form (Irocken- 
Vergaxung) in Fermeniern mikrobiologisch genua:. Die im 
tandwirtschaftlichen odcr kornmunalen Bemich favorisicne 
NaS-Vergarung von GUUe odcr Ktanchlamm ist vorwicgend 
auf dcrcn bctriebsiniernc Vcrwcrtung abgestellL Wcgcn dcr 
geringen Energiedidne z.B. dcr Guile !ohm sich kcin 
Transport, was im Rcgelfall iibcr die Grolfc dieser Anlagcn 
dercn Wurtschafdichkeit begrenzl. Zudem mlissen ausbeu- 
tungswtirdige Biomasscn (z.B. Rasenschr.ir.tr, Gras, Mais- 
hackscl, Bioabfall) erst in cincn pumpfahinon /^stand gc- 
brachl, laufend homogenisiert und auch a I 
den landwinschafltichcn Nuizfllchen ven 
vorgestellle Ernndung beziek sich vorzugsweise auf eine 
TVccken-VergSrung. 

_ Zur Trockcnen Vergiirung sirrd rncbren' Verfabrensva- 



schlicBt so ab, daU dcr Erhalt des Gleitfilms garantien ist. 
Das SJammcb des Biogases und das Einbringen des Perico- 
litis ira oberen Fermenterbereich erfolgt iiber langsverlau- 
fende und Gbedappcnd angcordneie Abdcckelemente, 
5 Rohre. b'chlauche, etc. Der Ausschlcusungsteil besieht aus 
einer luftdichtcrt formlabilen Hauhe mit einer versteifbarcn 
Rflckwand. dutch wclchc iiber einswllbarc PreBdrucke die 
HieBgeschwindigkcit des Substtar Stroma rcguliert werden 
kann, oder einem Zweckdienlichen Formtcil. Dabei kann 
o die Ausschleusung soweit gedrosselt werden. daB auch 
fheBfahiges Subslrai vcrarbeitet werden kann. Gleichzeiiig 
befindet sich im Ausschlcusungstei] eine Abtropfvorrich- 
tung (z, B. cine Roltcnstrcckc oder perforicrtcr Bodcn) zum 
Sammelc des Perkolats. welches tiber einen Wiirmctauseber 

.. ___:nfalls noi 
werdende Mischung von FaulsubstrM (Restgut) mit Bio- 
massc (FrischsubsttaO befindet sich cntweder im Ein- odcr 
Ausschlcusungsicil eine temperierbare Mischvorrichrung 



f - konlinuierlicbe bzw. semikonUnuicrliche Verfahran. 

Den kontinuierlicbcu bzw. semikontinmeilichcn Trok- 25 
ken-Gar- Verfahren ist gemcinsam. daB der.Suhstrauranspori 
im Fermenrer eniwcdcr iibcr Scliwerkrafi (fatl-down-Prin- 
zip), bzw. mechankch (Transporlsebnecke odcr Zinfcenfor- 
dfirer) oder in gesehobenen Spezialbehilllem fCiirkanalvcr- 
fahren) erfolgt. ^ 

Bei der vorliegendcn Erfindung handelt .:s .sich urn tine 
Vorriduung zur wablwciacn NaS- oder Trnclccn-Vergarung 
in einem Gleilschicht-Fermenter, welcber 1111 Langsprofil 
(Fig. i) und QucTschmtt (Fig. 2) vorgesrelli wird'Dabci 
wird von einem sLufcalos steuerbaren toniinmerlicb arbci- 35 
tenden einphasigen Vergiirungsverfahrcn aiibgc.|iangen. wel- 
ches mit einem Minimum an tcchnischen Vorrichtungen 
anskommr. 

tber cine Einschkusungsvorrichtung (Syphon. PrcBkol- 
ben oder Mischerscbncckc) wird dai Gargu'; kontinuicrlich * 
oder semikoniinuicrlich dem auf einer i'chiclen Ebcnc angc- 
ordneten GleiKchicht-Fermenter zugefilhri. Das Substrjl 
gleiict dabei im Sinnc de.s Hangabtriebs aul ^ncr flussigtin 
Gleitschichi, wobci die "FlieEgeschwindigkoii" votn Nei- 
gungswinkel dca Fcrmenters, dem SubstraH k.wicht, insbc- is 
sondcre der Ausbildung und QaalitSc der GlciinSssigkcit 
(Faulschlamin), der Reibung an den FcmcDlcrwanden. vor 
ailern abcr dcr Einsicllung einer mechanisthen, pneumati- 
scben oder hydraulischen Bremsvorrichcung irn Ausschlcu- 
sungsbereich abhSngt. 50 

Sornit hat die Vomchlung cinen 3-teiligen Aufbau: 



- ehen quarlerformigcn oderrohrenfbrfingen modular 
erweiLerbaren FermenBr-Tcil und i 
eireri AussehleusungsieiL 

Im gasdicbrcn Einschleusungsleilkann aU! |, eine %brlcni- 
perierung und Inoculation des Substrates erfnigen. Dcr sich 
langsam voranschiebende Masse-Strom gelatigi in den Fer- a 
rneniencil, in dessen vorderem Bereich sich cine \brrich- 
tung (z. B. ein mit Preflluftbeaufschlagbares r.nftldsscn) ?w 
cvU. crforderhch werdenden Uberwindung di:r nnfa'ngiichen 
Haflrcibung aowic cine Votrichmng (z. B. Rcchcn) zur To- 
talenileerung befinden konnen. Auf dem Formenlcrbodcn 65 
bildet sich - vomchmlich dutch die laufendr- Rc/irkulaiion 
des cnlsichenden Perkolais - dnc Gleimchien, auf wclchcr 
das Subscrat gleuend aufschwimmr, Dcr Jcrmcnlcrtcil 



in Subsrraten un- 

1 n kontinuierlich 

bzw. scmikontinuierbch arbeuenden Glei(schich£-Fer- 
menter, dadurcli gekennzeichnct, daB im Einschleu- 
sungsteil bevorratbarc. tcmpcricrbare und mischbare 
Biomassen/SubSLraie uber cine geeignete Hinschlcu- 
sungsvorrichtung. Syphon, PrcBkolben, Mischcr- 
schnecke (1) j„ cincn scbriigliegenden Fernicnlcr (2) 
eingeleitet werden. 

2 Vorrichiung nach Anspruch 1, dadurch gekenn- 
zeichnct. dafl auf dem Fctmcntorboden eine bydrauli- 
sche Gleicschichlausbiidung (3) erzielt wjrd. 

3. Vorrichiung nach Anspruch 1 und 2, dadurch gc- 
kennzeichnet. dafi d=r aus den Baueinheiten "Ein- 
schlcuiung" -"Fermenieneil" - "Ausschlcusung" besie- 
htnde Fermenter modular aufgebaut ist. 

4. _ Vorrichtung nach Anspruch 1-3, daduich gckenn- 
zetchnet, daB cine Phasentrennung (4) im Ausschlcu- 
sungsteil erfolgt. 

5. Vorrichtung nach Anspruch 14, dadurch gekenn- 
zcichnet. daB cits icmpcricrte Perkolat rezirkulicrt 
wird. 

6. Vorrichiung nach Anspruch 1-5. dadurch gekenn- 
zeichnci, du3 die hydrauhsche O'ieitschichi (3) rnanipu- 
lien (Scaunase, Staurcchcn. etc.) werden kann (6). 

Vortifh'ung nach Anspruch l-G", dadurch gekenn- 
zeichnet, daB dcr Fermenter einen formsiabileo odcr - 
labilen quaderfBrmigcn. runden oder ovalen Qucr- 
schnin hesirzL 

8. Vorrichrung nach Anspruch 1-7, dadurch gekenn- 
zcichnct, daB eiae hydraulisehc, pneumatkebe oder 
mechanische Vorrichiung (7) zur Oberwindung von 
Haftreibung im BedarfsfaU cingcsclzt und die dwell 
cine Vorrichtung (8) zur Tbralemlecrung crgiinzt wer- 
den kann. 

0. Vorrichtung nach Anspruch 1-S, dadurch gekenn- 
ffiichnet, da6 die Inoculation dcr Biomasse in der Ein- 
sculeusungsvorrichtung vorwicgend dutch Diffusion 
erfolgt. 

10. Vcirnthiung nach Anspruch 1-9. dadurch gekenn- 
zoichnet, daB die Kinspeisung fur das Perkolai (5a) sich 
im obcren Fermentexteil (9), der Perkolatabzug (5b) 
sich im Ausschlcusungsieit befinden. 

11. Vorrichtung nach Anspruch 1-10, dadurch gc- 
kennzeichuet, daH die HicBgcscbwindigkeit des b'ub- 
siratvorjichubs stufcnlos stcucrbar ist. 

12. Vorrichtung nach Anspruch 1-11, dadurch fie- 
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kcnnzcichnet. daB der Gasabzug (10) sowohl durch ci- 
genen Gasdruck; als auch durch aktive Absaugung er- 
folgen kann. 

13. Votrichlung nach Anspruch 1-12. dadurch ge- 
kennzeichner, daB daB cine flexible Scliilrze (11) odcr s 
ein zwcckdienlichcs Fonnelemem den Fennen cental 
im Ausschleusungsrcil sbschlieBL 

14. Vomcbtimg nach Anspruch 1-13. dadurch ge- 
kennzeichnet, daB sich im Ein- odcr Aussehieusungs- 
teil eine bcheizbare Mischvorrichrutiii (13) befindert 10 
kann. 

15. Voirichtung nach Anspruch J-14. dadurch ge- 
kenn?.ciehnet, dafi sich cntweder im Einschleusungs- 
oder Auwchkusungstril eine Hygenisicrungsvorrich- 
rung (14) befinden kann. is 
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La presente invention se rapporte a la production et au stockage 
de gaz de fermentation anaerobie de dacnets cellulosiqueB tele cue : 
sclure et copeaux de bois, vieux papiers, fumier, residue de vinifica- 
tion, raifle d'epis de maie, etc... 
5 De tels dispositifs existent deja male ila ont 1* inconvenient 

de faire appel a des constructions en maconnerie, de fonctionner en 
diseontinu et de necesaiter des moyens de manutention. 

L'originallte du procede selon l'invention consiste a utiliser 
una vis sana fin pour provoquer un brassage favorable a la reaction 
TO et un deplacement du fumier au cours de la fermentation. 

1 "invention perjnet de realiser des cuves de fermentation de 
petitee dimensions qui peuvent etre munies de roues et deplacees. 

Le d&me souple utilise comme capacite gazometrique conformemeat 
au brevet n° 7700202 est constltue de toute maniere coav.enable par un 
T5 film impermeable au gaz double 1 d'un produit isotkerme. 

L , 4tanch.eite entre la bacbe et la cuv.e a* est plus assuree par 
un Joint hydraulique mais par serrage mecanique sur un joint de 
caoutchouc. 

Le fumier frais, qui vient de l<etable, tomba: dans une tr6mie 1 
20 ou se derceloppe una fermentation aejrobie qui en elev.e la temperature. 

La vis 2 entrainee par un moto reducteur 3 pousee le fumier 
dans la cuve ou sa temperature est maintenue par un. tuyau d'eau chaude 
7 pouvant provenir du refroidissement d'un groupe electrogene ou d'un 
groupe compresseur-. 
2 5 Une fermentation anaerobie commence a se developper. De l'eau 

est maintenue Jusqu'au niveau 4 . 

Le gaz produit 5 est stocks dans la bache isotberme 6. 
La vis 2 continue de pousser le fumier lentemant vers la sortie 
ou il tombe en fin de fermentation par la goulotte 8 da ns une be one 9 
30 L*ensemble du dispositlf est muni de roues TO pour Stre deplace 

aisement et de pisds IT pour &tre stabilise a la hauteur desiree, 

Les deperditione calorifiques sont llmiteee par un isolant 12 
Le dispoeitif obj;et de ^'invention peut Stre utilise pour la 
production de gaz, a partir de petitee quantites de fumier, d'une 
35 fa9on automatlque et continue. 
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La capacite gazometrique souple permet de stocksr le gaz prodult 
la nnit et qui sera utilise le Jour ou reciproquement. 

A titre d< example une etable de 40 vacitee produisant 500 Kg de 
fumier- / jour aece.ssiterait une cuve d« environ 20 m3 et produirait 
4 400 tkermies / an soit 1 •'equivalent de 4, 4 tonnes de fuel. 

Uae telle production serait suf fisante pour les besoins de 
1' habitation A* wo. exploitant agricole. 
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EEVEiDICATIQtTS 

Dispositif permettant la fermentation dans l'eau de decbets 
cellulosiques a l'abri de l'air et caracterise par le fait qu'il 
fonctionne en continu grace a une vis sans fin qui deplace les produits 
tout au long de la fermentation depuis 1» entree jusqu'a la sortie. 

J5 Dispositif selon la revendication T caracterise par le fait 

que cette vis sans fin provoque aussi un brassage des produits 
largement favorable a la fermentation. 

Le dispositif selon la revendication 1 est aussi caracterise 
par le fait qu'il est facilement mobile. 

\0 Le dispositif selon la revendication 1 est aussi caracterise 

par le fait qu'il dispose d'une capacite gazometrique constitute 
d'un dome souple isotherme pour eviter les deperditions calorifiques. 
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